Objectives: Our objectives were to test the hypothesis that, in the geriatric population, chronic airway obstruction is associated with a higher prevalence of sleep disturbances; to identify the main correlates of sleep disturbances, and to verify whether asthma and COPD patients have different patterns of sleep disturbances. Methods: The EPESE questionnaire was administered to 734 patients aged 65 years and over with asthma or chronic obstructive pulmonary disease (cases) and 1237 individuals of comparable age who were free of respiratory disease but not of other chronic conditions (controls). Four sleep disturbances were quantified: difficulty in falling asleep, nocturnal awakening, morning tiredness, and early awakening. Multidimensional assessment of demographic data, personal history, clinical, and functional status was performed. Independent correlates of sleep disturbances were identified by logistic regression analysis. Results: One or more sleep disturbances were reported by 445 cases and 697 controls (60.6% vs. 56.4%, ns). Morning tiredness and early awakenings were more prevalent among cases (38% vs. 27.8%, p<0.001, and 35.1% vs. 28%, p<0.001, respectively). Depression, as assessed by the 15-item Geriatric Depression Scale, was the most significant independent correlate for all sleep scores. Both being a case and having arthritis were independent correlates of three out of the four sleep disturbances. Conclusions: Selected sleep disturbances are more common among elderly patients with chronic airway diseases than in those with chronic non-respiratory diseases. Depressed mood and coexisting arthritis are the most relevant independent correlates of sleep disturbances.
INTRODUCTION

SLEEP DISTURBANCES ARE VERY COMMON IN THE ELDER-LY, 1 AND A PROGRESSIVE DECREASE IN DURATION AND DETERIORATION IN QUALITY OF SLEEP MAY BE ASSUMED AS
HALLMARK OF AGING. Along with many other body functions, respiration undergoes changes with nocturnal sleep; as a consequence, nocturnal exacerbations are frequently recorded in patients with chronic obstructive pulmonary disease (COPD) and asthma, with potentially dangerous clinical and prognostic implications. 2, 3 The association between chronic airflow limitation and sleep complaints in the elderly deserves attention for several reasons. Firstly, the prevalence of this association may be underestimated, since chronic airway diseases are commonly underdiagnosed in the elderly. 4, 5 Secondly, the role of physical limitation, cognitive decline, and depression in influencing this association has not yet been evaluated. Finally, although it is well recognized that asthma and COPD are different diseases, a definite risk of misdiagnosis exists in the aged, mainly due to some loss of reversibility that accompanies longstanding asthma. 6 Therefore, assessing the impact of asthma and COPD on the type and severity of sleep impairment might contribute to differentiating these conditions in the elderly.
The present study, which is part of the multicenter case-control SARA study (acronym from SAlute Respiratoria nell'Anziano, Italian for Respiratory Health in the Elderly), aimed at evaluating the disease-related differences in the prevalence of sleep disturbances in a carefully diagnosed sample of elderly subjects; identifying the independent correlates of such disturbances in the domain of physical, cognitive, and affective functions; and characterizing the pattern of sleep disturbances of patients with asthma and COPD.
METHODS
SARA is a multicenter study carried out in collaboration with 24 pulmonary or geriatric institutions, homogeneously distributed throughout Italy (see Appendix). Details of the purposes of the study and of the methods used in the survey have been previously published. 7 The coordinating center at the Clinica Pneumologica of the University of Palermo was responsible for the quality control, retrieval, and final processing of data. The study protocol conformed to guidelines issued by the relevant ethics committees.
Subjects
All outpatients aged 65 years and older at the participating institutions were eligible to take part in the study. In all cases, the appropriateness of allocation to groups was checked on the basis of a modified version of the International Union Against Tuberculosis and Lung Diseases (IUATLD) bronchial symptoms questionnaire. 8 This version of the questionnaire includes direct questions on a previous diagnosis of asthma, chronic bronchitis, or emphysema, as well as questions on selected respiratory symptoms, such as wheezing and dyspnea, the time course of these symptoms, and inherent precipitating factors. Three questions assess whether the patient had chronic phlegm for at least 3 months each year over at least 2 years. Physical examination and spirometry with reversibility test were also included in the diagnostic assessment of subjects. Classificatory criteria are reported in detail elsewhere. 9 Subjects with a previous diagnosis of asthma or COPD or with signs and symptoms compatible with either diagnosis were classified as cases. We defined controls as those subjects who were patients at the participating geriatric institutions and did not report a previous diagnosis of any respiratory disease (including asthma and COPD) and did not have any sign or symptoms suggestive of such a diagnosis. Exclusion criteria were severe hepatic failure (B and C grades of the Child index); severe renal failure (plasma creatinine level > 2 mg/mL); severe cardiac failure (class III and IV of New York Heart Association); cognitive, sensory, or combined cognitive and sensory impairment severe enough to negatively affect the multidimensional assessment; occurrence of a major psychosocial event (eg, moving to a different place, loss of work, or death of a close relative) within the past 6 months; and hospitalization for any reason within the past 6 months. All subjects gave their informed consent to participate in the study.
Evaluation of Sleep
Sleep disturbances were evaluated by the Established Populations for Epidemiologic Studies of the Elderly questionnaire (EPESE). 10, 11 This questionnaire was developed by the National Institutes of Health in 1986 and broadly used in both geriatric and nongeriatric populations. We chose this questionnaire because a validated Italian translation was available so that data obtained would be comparable with those of previous studies of geriatric populations. 11 Subjects were first asked whether they experienced any conditions related to sleep disturbances. If a positive response was recorded, the following problems were assessed: (a) trouble falling asleep, (b) frequent awakenings at night, (c) waking up too early in the morning and not being able to fall asleep again, and (d) feeling rested in the morning. Five responses were available and scored as follows: 0=never, 1=rarely (corresponding to 3-4 times per month), 2=sometimes (1-2 days per week), 3=often (3 or more days per week), 4=always. The question assessing the sensation after waking up in the morning had a reverse code (4 corresponding to never, 0 corresponding to always). A total score ranging from 0 (completely undisturbed sleep) to 16 (most severely disturbed sleep) was then calculated. When logistic regression analysis was applied, the outcome of a significant sleep disturbance was defined as a dichotomous variable; the threshold score value for each item was 2 (ie, a subject was considered as having a sleep symptom if the disturbance occurred at least 1-2 times per week); an overall outcome was also defined by dichotomizing the total score on the basis of a threshold value of 8.
Multidimensional Assessment
Patients were carefully evaluated according to a comprehensive protocol that covers the following areas: (a) social and environmental aspects (family and housing, education, occupation) (b) personal history (smoking habit, rate of occurrence, periodicity and precipitating factors of respiratory symptoms, treatment regimen) (c) physical functioning as assessed by the scale of Barthel 12 and the 6-minute walking test (WT). 13 The Barthel Index of disability includes 9 self-care items and 6 mobility items; the final score can range between 0, complete dependence, and 100, complete independence. The Barthel Index is both valid and reliable in the elderly. 14 The WT was performed as suggested by Guyatt et al. 13 The total distance walked by the subject was used for the present analysis. Being highly correlated with the maximal oxygen consumption, the WT is a measure of functional exercise capacity. It is considered the test of choice among functional walk tests because of its well-proven validity, reliability, and responsiveness 15 (d) cognitive function, as assessed by the Mini Mental State Examination (MMSE). This is a broadly used 26-item screening test that assesses the following neuropsychologic domains: orientation to time and space, short-term memory, computation, secondary memory, verbal attainment, and constructive ability. The total score ranges between 0 and 30, with a value greater than 23 being considered as normal. 16 The MMSE has excellent measurement properties in the elderly 17 (e) the affective status was assessed by the 15-item version of the Geriatric Depression Scale (GDS). 18 Five items of this scale explore a positive attitude toward life, whereas the remaining 10 items explore dissatisfaction with life. Every item contributes 1 point to the final score, which ranges between 0 and 15. The 5 positive items are scored if the answer is negative, and the 10 negative ones if it is positive. A score greater than 5 is commonly considered as indicative of depressed mood. The GDS has been proven to be a reliable and valid screening instrument in the home-dwelling elderly 19 (f) clinical status, including physical examination, arterial blood pressure, and anthropometric measurements (weight, height, occipitalwall distance, length of the thigh, and abdominal and waist circumference). Anthropometric measures were obtained according to de Groot and van Staveren. 20
Spirometry
Spirometry with bronchodilatation test was part of the protocol. All centers were provided with the same type of fully computerized watersealed Stead-Wells spirometer (Baires System, Biomedin, Padova, Italy), meeting the American Thoracic Society's (ATS) 1994 recommen- 75.4 (9.1) *** § Scoring under this cut off corresponds to moderate to severe disability. p value: * < 0.05; ** <0.01; *** < 0.001 Where applicable, data are expressed as mean (SD). BMI = Body mass index; CS = current smokers; FS = former smokers; NeS = never smokers; LLN = lower limit of normal range; FEV 1 /FVC = forced expiratory volume in the first second as a percent of the predicted value/forced vital capacity dations for diagnostic spirometry. 21 A customised software, which assisted the operator during the test and allowed on-line control was used to attain the ATS 1994 quality criteria. Details of the quality-control program have been reported elsewhere. 7
Statistical Evaluation
Standard statistical methods were used by means of the Epi Info (CDC, Atlanta, Georgia, USA and WHO, Geneva, Switzerland) and of the Stata (Stata Corporation, College Station, Texas, USA) software packages. Differences between groups were analysed by χ 2 for dichotomous variables; in case of continuous variables, the Student's t test or the Mann-Whitney test was applied, with the latter being used when variables did not show normal distribution or homogeneous variance. In our primary analysis, correlates of the study outcomes were assessed by univariate analysis. Variables previously shown to affect quality of sleep (eg, indexes of physical performance and affective status) or supposed to affect quality of sleep (eg, forced expiratory volume in the first second as a percent of the predicted value, FEV 1 ) were selected for the univariate analysis. 11 For each of these outcomes, significant correlates at the univariate analysis were entered into a logistic regression analysis; exposure variables not obviously dichotomous (eg, Barthel Index or WT) were dichotomised on the basis of the worst 75 th percentile of distribution. The independent variable was considered to predict the outcome if its odds ratio (OR) differed from 1 and if the 95% confidence limits did not include 1. The χ 2 for trends test was used to evaluate the effect of age on the prevalence of different sleep disorders.
RESULTS
The main characteristics of the subjects are presented in Table 1 . The sample consisted of 734 cases (480 males, 254 females), aged 73.4±6 years and 1237 controls (577 males, 660 females), aged 73.9±6.5 years (ns). In the multidimensional assessment, cases performed worse than controls in physical (Barthel Index and WT, p<0.001); affective (GDS, p<0.001); and, to a lesser extent, cognitive (MMSE, p<0.05) domains. However, cases had a higher prevalence of clinically meaningful abnormal performances at a p<0.01 level of significance only in the 2 indexes assessing the physical domain. As expected, baseline lung function was significantly lower in subjects with chronic airway diseases than in controls (p<0.001) ( Table 1) .
Prevalence of individual main diseases in the control group was as follows: hypertension 27.3%, arthritis 27%, diabetes 12.7%, coronary artery disease 11.4%, and cerebrovascular disease 7%. One or more sleep disturbances were reported in 445 patients and 697 controls (60.6% vs. 56.4%, p=0.07). A total score greater than 8 was recorded in 207 cases and 279 controls (28.2% vs. 22.6%, p<0.01). Morning tiredness (38% vs. 27.8%, p<0.001) and early awakenings (35.1% vs. 28%, p<0.001) were more prevalent among cases. Prevalence in difficulty in falling asleep (29.7% vs. 29.1%, ns) and nocturnal awakenings (49.2% vs. 45.2%, ns) did not distinguish groups. Prevalence of individual sleep troubles and of a total score greater than 8 was higher among females in both the case and control groups at a significance level of p<0.001. The distribution of scores in subjects reporting sleep disturbances ( Figure 1 ) demonstrated that each score was significantly higher in cases than in controls, with the exception of trouble falling asleep.
The univariate analysis showed that the prevalence of all sleep complaints in the whole sample positively correlated with female sex, GDS score, and arthritis at a p level less than 0.001 and correlated negatively with the Barthel Index and WT results at a p level less than 0.005. Smoking habit was negatively associated with sleep disturbances (p<0.05). Increasing age was a positive correlate only for frequent awakenings (p<0.001). The logistic regression analysis yielded depression as the most significant independent correlate for all sleep scores; female sex and arthritis, as well as smoking habit, confirmed their role as already pointed out by the univariate analysis (Table 2) . Also, being classified as a case was shown to play an independent role in most analyses. Limitations in physical functioning also was associated with impaired sleep quality: a lower Barthel Index was independently correlated with difficulty in falling asleep and with early awakenings, whereas a shorter WT correlated with the feeling of morning tiredness.
Sleep Disorders in the Elderly
A positive correlation between age and prevalence of sleep disturbances was observed in the case group (χ 2 for trends: p<0.001); however, posthoc analysis showed that only in the 65 to 69 age group was sleep disturbance significantly lower than in the remaining age ranges ( Figure  2 ). Differences in prevalence and severity of sleep disturbances between asthmatic and subjects with COPD are reported in Table 3 and Figure 3 . The prevalence of all sleep disturbances was not significantly higher in the asthma group (Table 3 ). However, asthmatics had significantly higher scores for early awakenings and total score (Figure 3) .
The univariate analysis limited to cases confirmed that depression and arthritis are important positive correlates of all sleep complaints. The distribution of the remaining correlates did not disclose any pattern of prevalent association with the asthma or COPD group. Logistic regression analysis limited to cases identified arthritis and depression as the main independent correlates of all sleep symptoms (for total score: p=0.001 and p=0.001, respectively); neither asthma nor COPD was independently associated with any sleep complaint. Ischemic heart disease and prostatic hypertrophy were independent correlates of difficulty in falling asleep (p=0.002) and nocturnal awakenings (p=0.007), respectively.
DISCUSSION
The present study confirms that chronic airway diseases are associated with both higher prevalence and greater severity of sleep complaints in the elderly. Severity but not prevalence of selected sleep complaints is higher in asthmatics than in the COPD population.
Sleep disorders are very common among elderly populations 11,22,23 and are highly prevalent in patients with airway obstruction. 24, 25 On this basis, older age and respiratory disorders likely interact, thus impairing and disrupting nocturnal sleep. In this respect, in a cohort of adults selected from the general population and followed within the Tucson Epidemiologic Study, age and wheezing proved to be independent risk factors for insomnia. 26 Maggi et al reported that, in a sample of community-dwelling older persons, a previous diagnosis of COPD was, among the medical comorbidities, significantly associated with severe insomnia. 11 Our findings show that airway obstruction does not impair the ability of initiating sleep, whereas it is associated with complaints of earlier awakenings or a less-refreshing sensation in the morning. The observation of a specific pattern of sleep disturbance is in agreement with the results of the Cardiovascular Health Study, where, at least in males, a medical history of emphysema was associated with earlier awakenings but not with difficulty in falling asleep nor with frequent awakenings. 23 The association of sleep disorders with respiratory diseases could be explained by at least two mechanisms: horizontal position increases both work of breathing and airway resistance and lowers the threshold for dyspnea in subjects with chronic airflow limitation but not in normal subjects 3, 27 ; nocturnal hypoventilation, often seen in COPD, leads to prolonged falls in oxyhemoglobin saturation. 28 Theoretically, these mechanisms should also increase the prevalence of nocturnal awakenings. However, the vast majority of respiratory patients in this study inhaled bronchodilators at 10 PM, which likely protected them from the deleterious effects of recumbent position and nocturnal hypoventilation on sleep in the early night. Furthermore, both this therapy and the greater burden of sleepiness at the beginning of the night might have aided in the ability to fall asleep.
Not surprisingly, in our study depression qualified as the strongest independent correlate for all sleep problems in both cases and controls. This finding confirms the repeatedly proven relationship between depressive trait of mood and sleep disturbances. 11, 22, 23 It is unclear whether depression is the consequence or the cause of sleep disorders. This question pending, the present observation allows us to conclude that affective status is frequently depressed in older patients with chronic respiratory or nonrespiratory conditions, mainly in those experiencing sleep troubles.
Lower education attainment and cognitive performance, impairment in activities of daily living, and submaximal performance, as reflected by a lower Barthel index and WT were important correlates of sleep disturbances. These findings confirm previous observations made by Maggi et al in a large sample of home dwellers over age 64. 11 Female sex was associated with all but one of the explored symptoms; the lack of association with nocturnal awakenings may be due to the counterbalancing effect of prostatic hypertrophy, which is a well-recognized cause of sleep fragmentation among older males.
The effects of smoking on quality of sleep have been the object of conflicting reports. At variance with an earlier epidemiologic study, 29 a more recent study demonstrated that smoking was associated with difficulty initiating sleep and sleep fragmentation. 30 We found a seemingly protective effect of smoking habit against sleep complaints. This finding should be interpreted in light of the high prevalence of patients with respiratory and cardiovascular problems in our population. Indeed, in such a population the persistence of smoking habit is an indicator of lesser susceptibility to the noxious effect of tobacco, so that the subsample of current smokers likely includes a selection of survivors with better-preserved health. The lack of effect of age on quality of sleep is likely due to the narrow range of age of our patients and the concealing effect of age-related variables, such as depression and disability, in the logistic regression model. However, the lack of a significant increase in prevalence of sleep disturbances after age 69 in cases suggests that the relationship between age and quality of sleep in COPD patients might be weaker than in the general population. 26 The observation that the asthmatic population scored higher on selected sleep complaints deserves some attention. Asthma and COPD share a condition of airflow limitation, but structural and functional alterations are different: COPD is characterized by progressive and destructive alterations of lower airways, resulting in more-stable bronchial narrowing, while the asthmatic phenotype is characterized by a relapsing and remitting course. Furthermore, the response to bronchodilators in asthmatics may be progressively blunted by aging and by the effect of longstanding disease. This might explain some of the observed differences, since a chronic and stable condition may be better tolerated than an acute, although partly remitting, one. Furthermore the high prevalence of nocturnal exacerbations of asthma contributes to explaining the present findings. 31 The main limitations of this study are threefold: 1) The studied population cannot be considered as fully representative of the general homedwelling older population with chronic diseases, but instead, of outpatients attending geriatric and respiratory medicine clinics. This might limit the generalisability of the present findings. 2) Given the design of the study, the lack of objective data, such as those obtained from polysomnography, limits our understanding of sleep complaints. Indeed, we could not verify whether and to which extent sleep apnoea, which is highly prevalent in the elderly and in patients with COPD, accounted for the observed sleep disturbances. Furthermore, the role of depression in conditioning the perceived quality of sleep could not be assessed. 3) Since the study was designed as a cross-sectional study, it does not allow us to clarify causality of the observed relationships.
Despite these limitations, the present study adds to our knowledge of the relationship between chronic airflow limitation and quality of sleep by showing that morning tiredness and early awakenings, and not generically any type of sleep disturbances, represent the hallmark of this relationship. Furthermore, it suggests that sleep disturbances are more severe in asthmatics than in patients with COPD and are aggravated by selected comorbid diseases. The strong association of sleep disturbances with depressed mood and physical limitation is of special concern because of the well-known high prevalence of depression and disability in patients with severe COPD. This association likely contributes to explaining the positive effects of respiratory rehabilitation on quality of life: by halting or partly reverting physical decline and depressive symptoms, the rehabilitation might favorably affect the sleep structure and, thus, quality of life. 32, 33 Further research is needed to investigate whether a similar relationship between sleep disorders and chronic airway diseases exists in patients with more severe degrees of functional impairment.
